A nine-member, mixed, cellulolytic, bacterial culture was used to evaluate the effects of sodium hydroxide normality, length and temperature of treatment, and the ratio of volume of alkali to mesquite wood on the suitability of alkali mesquite wood extractives as nutrients for bacterial growth. The presence or absence of air during the extraction process did not significantly affect results. The amount of lignin extracted and the total loss in weight of the wood during extraction were correlated to both alkali concentration and temperature. Neutralized extracts supported bacterial growth; growth was inversely related to the final salt concentration of the neutralized extract. Deionized extracts were superior to acidneutralized extracts for the support of bacterial growth. The optimum conditions for extraction were 2.5 N NaOH at 30°C for 12 h. The study demonstrated that nutrients as well as growth inhibitory compounds are released from wood by alkali treatment. This study of alkali wood extracts and the previous study of washed alkali treated wood residues provide a data base for the optimization of alkali treatments of hard woods that are to be used as nutrients for the growth of cellulolytic cultures.
A nine-member, mixed, cellulolytic, bacterial culture was used to evaluate the effects of sodium hydroxide normality, length and temperature of treatment, and the ratio of volume of alkali to mesquite wood on the suitability of alkali mesquite wood extractives as nutrients for bacterial growth. The presence or absence of air during the extraction process did not significantly affect results. The amount of lignin extracted and the total loss in weight of the wood during extraction were correlated to both alkali concentration and temperature. Neutralized extracts supported bacterial growth; growth was inversely related to the final salt concentration of the neutralized extract. Deionized extracts were superior to acidneutralized extracts for the support of bacterial growth. The optimum conditions for extraction were 2.5 N NaOH at 30°C for 12 h. The study demonstrated that nutrients as well as growth inhibitory compounds are released from wood by alkali treatment. This study of alkali wood extracts and the previous study of washed alkali treated wood residues provide a data base for the optimization of alkali treatments of hard woods that are to be used as nutrients for the growth of cellulolytic cultures.
Because cellulose is the most abundant renewable resource, it is considered to be an ideal substrate for the production of single-cell protein and fermentation products such as ethanol. Native cellulose, however, is always associated with other compounds such as lignin, waxes, hemicelluloses, proteins, and ash, which greatly modify its susceptibility to enzymatic hydrolysis. Alkali treatments were reported to increase the nutritive values of straw and sawdust as ruminant feeds and the production of single-cell protein from cellulosic substrates in a number of studies (3, 6, 7, 9, 12-17, 23, 25) . The alkali treatments varied greatly. In some, the alkali was neutralized in situ with organic acids; in others, the residual alkali and alkali-soluble substances were removed by washing. Between these two extremes were many variations, depending on the use for which the product was intended. When the alkali is neutralized in situ the degradation products remain, and erroneously high substrate hydrolysis values are calculated if a correction for the substrate solubilized by the alkali is not made. Alkali treatments remove most of the hemicellulose and some lignin from wood. The alkaline degradation of hemicellulose, lignin, and sugars produces numerous compounds; their natures are strongly affected by alkali normality, length and temperature of treatment, and the presence or absence of oxygen (2, 4, 10, 19, 24) . Some of the degradation products such as glyceric acid (19) may be usable by microorganisms, and some such as formic acid and 3-deoxypentanoic acid (19) may be toxic. Both inhibitory and nutritive compounds may be removed by washing the wood residues to remove alkali-soluble materials. Thus, the actual effects of alkali on the microbial or enzymatic digestibility are difficult to assess because of the wide variations in experimental designs. Thus, there is a need for systematic studies of the effects of alkali on the microbial digestibility of cellulosic materials.
Thayer (21) and Thayer et al. (23) studied the effects of alkali treatment on the microbial digestibility of wood and rice hulls. In these studies the alkali-soluble materials were removed by thorough washing of the treated substrate before microbial digestibility was studied, using a mixed, highly cellulolytic bacterial culture. Treatment of rice hulls with alkali greatly increased their microbial digestibility, apparently effects of sodium hydroxide treatments of mesquite wood on the ability of a nine-member, mixed, cellulolytic, bacterial culture to use the alkali-soluble nutrients were determined. The effects of normality, temperature, length of treatment, and alkali-to-wood ratio were assayed to allow prediction of the optimum conditions for processes, using both the solid wood residues and the alkali-soluble nutrients. 10 to 45 mesh. Except for the alkali-to-wood ratio experiments described below, 10 g of wood (based on weight after air drying) was mixed with 100 ml of NaOH solution in a 500-ml Erlenmeyer flask and agitated at 140 rpm in a water bath shaker. All of the reagents and the mesquite wood were brought to the appropriate temperature before mixing. In alkali concentration experiments, the wood was treated at 35°C for 1 h. The temperature was set at 30°C in length of treatment experiments. In alkali-to-wood ratio experiments, the wood was treated for 12 h at 30°C. Wood was also treated at 98 and 121°C in the autoclave. The alkaline wood extracts were clarified by filtration through a 9-cm Reeve Angel 934 AH glass fiber disk. A volume of 400 ml of distilled water was used to wash the wood residues and was added to the filtered residual alkali. This alkaline solution will be referred to as the alkali extract. The wood residues were again washed with another 600 ml of distilled water and brought to constant weight at 105°C, and the loss in sample weight was determined. The alkaline extracts were either neutralized entirely with 6 N HCI or were deionized with Dowex-50W-X8 resin and then neutralized with 6 N HCl. All of the extracts were diluted to a final volume of 500 ml. The deionized or neutralized alkali extracts were diluted with an equal volume of distilled water before the culture media were prepared. Alkali treatment of wood in the absence of air was done in a suction flask filled with nitrogen.
MATERIALS AND METHODS

Culture
Culture medium. The basal medium had the following composition unless otherwise indicated (grams per A sample of each culture was filtered through a 9-cm Reeve Angel 934 AH glass fiber filter disk. The cells were packed by centrifugation at 6,000 x g for 30 min at 4°C and were then resuspended in an appropriate volume of distilled water for analysis of cell protein with the Folin phenol reagent (8) . Nitrogen was determined by a micro-Kjeldahl procedure (1). Glucose was determined by using Calbiochem glucose reagents (18) . The total carbohydrate was measured using the Anthrone reagent (8) , and reducing sugar was measured by using a dinitrosalicylic acid reagent (11) . Amino acids were determined from a single hydrolysate with a Beckman model 121 Amino Acid Analyzer (20) . Solubilized lignin was estimated by UV spectroscopy (5).
RESULTS
The presence or absence of air during alkali treatment of wood had no significant effect on the total amount of cell mass of the mixed culture on the deionized alkali extracts. However, the lag phases were approximately 4 h longer when the culture was grown in extracts prepared in the presence of air. Adding different amounts of either aerobically prepared or anaerobically prepared alkali extracts to Trypticase soy broth did not inhibit growth of the culture even at a maximum concentration of 11.5% (by volume). The final concentration of the Trypticase soy broth was constant in all of the studies. Since the maximum amounts of cell mass were not significantly different in aerobic or anaerobic extracts it was concluded that all of the remaining extractions should be made in the presence of air.
The results of treating the wood with NaOH at various concentrations at 35°C and the growth of the bacterial culture in the deionized alkali ex- tract are presented in Fig. 1 . The loss in weight of the mesquite was proportional to the concentration of the alkali between 0 and 1.25 N. The total carbohydrate yield was affected by the concentration of alkali used. Water was a better extractive solution than either 0.125 or 0.25 N NaOH solution for carbohydrates. However, 1.25 or 2.5 N NaOH solutions extracted significantly more carbohydrate than did water. Reducing sugar yields were not affected by the NaOH concentration. The growth of the culture in the deionized alkali extracts increased with each increase in alkali concentration. The cultures reached a maximum OD within 48 h. The maximum OD of the cultures did not correlate with the total carbohydrate content of the alkali extracts, e.g., the alkali extracts of wood treated with 2.5 N NaOH supported more culture growth than the extracts prepared with 1.25 N NaOH even though the latter contained more carbohydrate. The amounts of lignin in each of the extracts were determined. The amounts of lignin in the deionized extracts prepared with The results of treating wood with 2.5 N NaOH at different temperatures for 1 h are shown in Fig. 2 The effects of duration of treatment with 2.5 N NaOH at 30°C are shown in Fig. 3 . The distilled water or NaOH was removed from the controls immediately by vacuum filtration. The wood contained 5.38% water-extractable materials. The amount of wood removed by alkali extraction was related directly to the length of the treatment. The growth of the culture correlated with the total carbohydrate content in the alkali extract. The mixed culture produced the greatest amounts of cell mass in solutions prepared by extracting the wood with 2.5 N NaOH for 4 days.
The volume of 2.5 N NaOH was decreased systematically from 100 ml:10 g to 10 ml:10 g to determine the effect of the ratio of alkali volume to wood. The amount of wood extracted by alkali decreased with decreases in the ratio of alkali to wood, but no significant differences in the amounts extracted were observed until the ratio of NaOH to wood was less than 10 ml:10 g (Fig. 4) . Similar results were obtained by Thayer et al. in treating rice hulls with NaOH (23). The total carbohydrate yield and growth of the culture increased with increases in the ratio of alkali to wood. The growth of the culture corresponded to the amount of total carbohydrate in the alkali extracts.
The viable cell count and the final pH value of 4-day cultures grown in different concentrations of neutralized alkali extracts are shown in Table   0 1. After the results reported above were evaluated, the wood samples were treated with 2.5 N NaOH at 30°C for 12 h. The viable cell counts were inversely related to the NaCl concentrations in the culture media; this was confirmed by a separate study of growth of the culture in Trypticase soy broth in the presence of various amounts of NaCl. The final pH of 4-day cultures increased with increases in substrate concentrations.
The growth of the culture on the neutralized alkali extract is shown in Fig. 5 0.30 a Forty grams of mesquite wood was treated with 400 ml of 2.5 N NaOH at 30°C for 12 h. The alkaline extracts were neutralized and diluted to a final volume of 1,000 ml. Quarter-strength alkali extract was used to prepare medium 1, half-strength extract was used for medium 2, and full-strength for medium 3. Medium 4 was prepared by extracting 40 g of wood with 200 ml of 2.5 N NaOH at 30°C for 12 h and then neutralizing and diluting the extract to a final volume of 500 ml. Medium 5 served as a control and contained glucose at a final concentration of 1%. All of the media contained the mineral salts described in the text and were adjusted to pH 7.0 before sterilization. The NaCI concentration was estimated by assuming that 80% of the NaOH was retained in the alkaline extracts as NaCl after neutralization. The viable cell counts at inoculation were 1.2 x 106 viable cells per ml.
bohydrate in the alkali extract was consumed, and 3.24 g of cell protein was produced per 100 g of wood treated.
The components of the alkali extract are shown in Table 2 . The results are based on the dry weight of alkali extract. The high ash content correlated with the residual alkali in the extract. Reducing sugar and glucose contents were low. In Table 3 the amino acid content of the bacterial cells is compared with the amino acid pattern described previously (26) . The bacterial cells contained relatively high proportions of most of the essential amino acids. The cellular protein content based on the amino acid content was 45.8%.
DISCUSSION
The growth of this nine-member, mixed, cellulolytic culture on alkali-treated mesquite wood was studied by Thayer (21) . Treatment of mesquite wood with sodium hydroxide did not significantly increase the hydrolysis of the residual wood by the bacterial culture. It was concluded that many components capable of supporting bacterial growth were lost in the alkaline solution and wash water. This study confirmed that the alkali-soluble components of mesquite wood and probably other woods can be used as a growth substrate for single-cell protein production.
On the basis of the experiment described in the legend to Fig. 1 Water solubilized about 10% of the wood, but the solubilized materials were inferior substrates for the growth of the bacterial culture compared with extracts of mesquite wood prepared with alkali.
The weight decrease of the wood during alkali extraction was directly related to the treatment temperature, but at high-treatment temperatures the total carbohydrate yields based on the amounts of wood hydrolyzed were low (Fig. 2) . This indicated that at high temperatures the degradation of alkali-soluble components was extensive. Higher treatment temperatures also released greater amounts of lignin from the wood. Based on the growth of the culture and the amount of wood hydrolyzed, treatments at low temperatures were better than those at high temperatures for single-cell protein production in the alkaline extracts. The amount of wood extracted by 2.5 N NaOH increased when the length of treatment was increased (Fig. 3) . Carbohydrate yields increased rapidly only during the first 12 h of treatment. Based on the amount of wood solubilized and the growth of the culture on the alkali extracts, a 12-h treatment was optimum. If, however, the objective is to obtain the single-cell protein from both the alkali ex- These studies were conducted at the flask level, so it is possible that the cell protein yield could be increased in well-controlled fermentors. Greater concentrations of neutralized alkali extract could be used only if the concentration of alkali used for pretreatment of wood is low. The mixed culture produced greater yields of cell protein from mesquite extracts than those reported by Pamment et al. (16) from extracts of sugar maple sawdust. Although alkali extracts can support bacterial growth, the economic feasibility of producing single-cell protein directly from alkali extracts would be limited by the low yields (based on the wood treated). In previous work on the production of single-cell protein from alkali-pretreated ligno-cellulosic substrates, large quantities of water were used to wash the cellulosic residues resulting in the loss of solubilized matter. This study indicates that the alkali hydrolysates do contain valuable nutrients which are affected by the extraction variables of concentration, temperature, time, air, and length of treatment. This study of alkaline hard wood extracts and the previous study (21) of washed alkali-treated wood residues provide a data base for the optimization of alkali treatments of hard wood substrates that are to be used for growth of cellulolytic cultures.
